Abstract. Cervical cancer is a cause of cancer death, making it one of the most common causes of death among women globally. Previously, a variety of studies have revealed the molecular mechanisms by which cervical cancer develops. However, there are still limitations in treatment for cervical cancer. Ursolic acid is a naturally derived pentacyclic triterpene acid, exhibiting broad anticancer effects. Nanoparticulate drug delivery systems have been known to better the bioavailability of drugs on intranasal administration compared with only drug solutions. Administration of ursolic acid nanoparticles is thought to be sufficient to lead to considerable suppression of cervical cancer progression. We loaded gold-ursolic acid into poly(DL-lactide-co-glycolide) nanoparticles to cervical cancer cell lines due to the properties of ursolic acid in altering cellular processes and the easier absorbance of nanoparticles. In addition, in this study, ursolic acid nanoparticles were administered to cervical cancer cells to find effective treatments for cervical cancer inhibition. In the present study, ELISA, western blotting, flow cytometry and immunohistochemistry assays were carried out to calculate the molecular mechanism by which ursolic acid nanoparticles modulated cervical cancer progression. Data indicated that ursolic acid nanoparticles, indeed, significantly suppress cervial cancer cell proliferation, invasion and migration compared to the control group, and apoptosis was induced by ursolic acid nanoparticles in cervical cancer cells through activating caspases, p53 and suppressing anti-apoptosis-related signals. Furthermore, tumor size was reduced by treatment of ursolic acid nanoparticles in in vivo experiments. In conclusion, this study suggests that ursolic acid nanoparticles inhibited cervical cancer cell proliferation via apoptosis induction, which could be a potential target for future therapeutic strategy clinically.
Introduction
Cervical cancer is one of the most common cancers in women with an estimated 528,000 new cases each year (1) , and approximately 266,000 mortalities caused by cervical cancer in the world, which accounts for 7.5% of all cancer mortalities related to females (2) . Approximately 87% of the mortalities resulted from cervical cancer in relatively not developed countries and regions. The women, aged from 30 to 50, are more sensitive to cervical cancer due to factors such as gene mutation, or environment, including working stress and emotion (3) . Studies related to the molecular mechanisms revealing cervical tumor invasion, metastasis and the novel therapeutic strategies are necessary to suppress cancer progression (4, 5) .
Pentacyclic triterpenoids show various pharmacological activities, including anti-oxidant, anti-inflammatory and anticancer properties. Pentacyclic triterpenoids have many pharmacological functions, including anti-inflammation effect, antioxidant activity, hepatoprotective and antitumor activity (6) (7) (8) . In addition, the plant-derived chemicals ameliorating diseases progression have gained increasing attention. Pentacyclic triterpenoids, such as imberbic acid, betulinic acid, zeylasteral and ursolic acid have been reported to have anticancer effect (9, 10) . As a pentacyclic triterpene acid, ursolic acid has a number of pharmacological effects, such as antioxidative (11) , antifungal, antibacterial, anti-inflammatory, antiangiogenic, anti-mutagenic, anticarcinogenic, anti-viral, anti-atherosclerotic, antitumor, hepatoprotective, as well as anti-hyperlipidemic activity (12) (13) (14) (15) (16) . Ursolic acid is also known to enhance apoptotic response in various human cancer cell lines (17) . However, there are limited reports involving the key role of ursolic acid in regulating cervical cancer progression.
Use of nanoparticles in cancer treatment has been widely investigated. The special features of nanoparticles can improve the defects in the use of small molecules as therapeutic agents in biomedical applications (18, 19) . For instance, the uptake of medicine may be promoted by the 'enhanced permeability and retention effect', enhancing the medicine accumulation in the target cancer part and decrease the efflux pump-regulated drug resistance (20) . In addition, capsuled by different nanoparticles, the solubility and the half-life of small molecular drugs could be improved with the controllable releasing behavior (21) . To increase ursolic acid biocompatibility and water solubility, drug nanocarriers are developed according to nanotechnology.
Additionally, the slow and controlled release of the drug helps to provide a sustainable dose at the therapeutic level, which is helpful to improve efficiency and safety (22) (23) (24) . In the present study, we developed PLGA nanoparticles as biodegradable and biocompatible carriers for loading and delivery of the binary drug ursolic acid, which displayed an excellent anticancer performance in vitro and in vivo.
Materials and methods
Cell treatment. Human cervical cancer cell lines, including CaSki, HeLa, C4-1 and SiHa, were obtained from the American Type Culture Collection (ATCC; Rockville, mD, USA). The cell lines of 293T and L02 were also obtained from ATCC. All the cells were maintained in RPmI-1640 medium containing 10% fetal bovine serum (FbS) and 1% penicillin/ streptomycin (Gibco-BRL/Life Technologies) at 37˚C with a humidified incubator in 5% CO 2 atmosphere. The cells were treated with different concentrations of ursolic acid nanoparticles for different time as shown in the figures.
Ursolic acid nanoparticle preparation. High performance liquid chromatography (HPLC)-grade ursolic acid was obtained (>98%; Nanobiotech, Co., Shanghai, China) in anhydrous powder form. AuNPs were obtained by downregulated 1 mm gold chloride with a freshly ready-made ursolic acid solution in alcohol. The yellow color solution changed to deep red as the ursolic acid nanoparticles were finished. A total of 50 mg poly(lactic-co-glycolic acid) (PLGA) was added to an AuNPs water dispersion. Next, the mixture drops were added to 20 ml of an aqueous solution with a stabilizer (1% polyoxyethylene-polyoxypropylene; F68). The mixture drops were mixed at 500 rpm and 4˚C until the alcohol had evaporated completely. Washing and centrifugation were performed again (25,000 x g, 4˚C for 30 min), in order to remove redundant stabilizer completely. The pellet was then resuspended in milli-Q water. The ursolic acid nanoparticles were stored at 4˚C for further study. Fluorescent dye was conjugated to the gold surface by adding FITC dye to the PLGA and ursolic acid nanoparticles mixture, which were performed in the dark. In addition, scanning transmission electron microscopy (SEm) (FEI Quanta 650; FEI Co., Hillsboro, OR, USA) was used to determine naked quercetin nanoparticles size. Furthermore, dynamic light scattering (DLS) with Lb-550 DLS particle size analyzer (Horiba Scientific, Edison, NJ, USA) was used to examine the average size of ursolic acid nanoparticles. We analyzed the data in the automatic mode. Twenty runs of size were determined, with triplicate measurements for each run. We measured the zeta potential of the ursolic acid nanoparticles in the same instrument using the same procedure.
MTT assay. mTT method was used to analyze the cell viability. The culture medium was totally removed and 5 µl mTT (Sigma-Aldrich, St. Louis, mO, USA) solution (10 mg/ml) was added to 100 µl of phenol red-free growth medium and plates were incubated at 37˚C, 5% CO 2 cell culture environment. mitochondrial decrease of mTT develops formazan crystals after dissolving in dimethyl sulfoxide (DmSO). Afterwards, microplate reader (bio-Rad Laboratories, Hercules, CA, USA) was used to measure absorbance of each well at 540 nm.
Colony-forming assay. Cervical cancer cells were suspended in 0.9% methylcellulose-based semisolid medium methoCult H4100 (Stem Cell, beijing, China). Individual primary clones (450 cells) after 15 days were trypsinized and re-plated in the same conditions to test the secondary colony forming ability for self-renewal.
Migration and invasion assays. matrigel (2 µg/well; bD biosciences, San Jose, CA, USA) was used to pre-coat 24-well plates with 8-µm pore size polycarbonate membrane (millipore, bedford, mA, USA) for invasion assays. Cells under different conditions (exposure to different concentrations of drugs for 48 h). Cells (1.0x10 5 ) were seeded on the upper chamber with serum-free DmEm (200 µl). DmEm (1 ml) with 30% serum was added to the lower chamber. After 16 h, cell migration or invasion (plates coated with matrigel) was terminated and the membranes were fixed with 4% paraformaldehyde and stained with crystal violet. Five visual fields were randomly selected from each membrane, and the cell numbers were counted via a light microscope. All experiments were performed in triplicate.
Establishment of xenograft tumor models. Forty male, 6-8-weeks old athymic nude mice were purchased from the Shanghai Experimental Animal Center (Shanghai, China) and were kept in a temperature and humidity-controlled environment (25±2˚C, 50±10% humidity) with a standard 12-h light and dark cycle with food and water in cages under the germfree conditions. CaSki, SiHa and HeLa cells (1x10 7 ) were suspended in 100 µl serum-free medium and injected subcutaneously into the left flank of nude mice. Then, the animal models were treated with ursolic acid (10 and 20 mg/kg). The mice were divided into two groups. Animals in the control group were treated with sterile DmSO via intraperitoneal injection for five days. Animals in ursolic acid-treated group were intraperitoneally administered with 20 mg/kg ursolic acid nanoparticles for five days, respectively. Tumor size was measured with digital caliper and calculated twice a week for 5 weeks. Then, the mice were sacrificed. Tumors were excised, weighted, fixed in 10% neutral formalin, and embedded in paraffin for histological analysis. Ethics approval was obtained from the Department of Gynecology, The Affiliated Yantai Yuhuangding Hospital of Qingdao University.
Western blot analysis.
After treatments under different conditions, the cells were harvested and the medium was removed. Then, the cells were washed with chilled phosphate-buffered saline (PbS) three times and lysed in ice-cold lysis buffer in the presence of fresh protease inhibitor cocktail. Frozen lung tumor tissue samples were obtained from xenograft nude mice after treatments. Approximately a 100 mg tumor tissue sample was lysed with 1 ml lysis buffer. The cell lysates were centrifuged at 15,000 x g for 15 min at 4˚C to collect the supernatant. bSA protein assay kit was used to detect the protein concentrations following the manufacturer's instruction (Thermo Fisher Scientific, Waltham, MA, USA). A total of 40 ng of protein extracts were separated by 10% SDS-PAGE and were then transferred to polyvinylidene fluoride membrane (PVDF) (millipore). The PvDF with proteins were blocked with 5% skim fat dry milk in 0.1% Tween-20 in Tris-buffered saline (TBS) for 2 h to block the non-specific sites on blots. The primary antibodies dissolved in blocking buffer were used to detect the target protein blots at 4˚C overnight for incubation. The bands on PvDF were covered by chemiluminescence with Pierce ECL Western blotting Substrate reagents (Thermo Fisher Scientific). All experiments were performed in triplicate and carried out three times independently. The primary antibodies are as follows: bcl-2 (1:1,000; Abcam, Cambridge, mA, USA), bax (1:1,000; Abcam), caspase-3 (1:1,000; Cell Signaling Technology, beverly, mA, USA), caspase-8 (1:1,000; Cell Signaling Technology), caspase-9 (1:1,000; Cell Signaling Technology) and GAPDH (1:500; Cell Signaling Technology).
Immunofluorescence assays. After induction by conditioned culture medium, the different cells were fixed in 4% paraformaldehyde, permeabilized with 0.1% Triton X-100 in PbS containing 0.5% bSA (PbS-bSA) for 30 min. The cells were subsequently incubated with caspase-3 for 30 min, followed by labeling with Alexa Fluor 488-conjugated rabbit anti-mouse or goat anti-rabbit IgG antibody. The cells were viewed under a fluorescence microscope.
Histopathologic examination of tissues. After harvesting, the xenograft tumors were fixed in formalin and embedded in paraffin. Five micrometer sections of these tumors were deparaffinized in xylene and then hydrated through a series of xylene and ethanol washes. Sections were incubated in a citrate buffer (pH 6.0) for 30 min at 95˚C for antigen retrieval. After blocking, sections were incubated overnight with appropriate dilatation of primary antibodies (p53 and bcl-2; Cell Signaling Technology) followed by incubation with a secondary antibody and analyzed for staining as previously described (25) . Then the samples were observed under a microscope.
Statistical analysis. Data are expressed as means ± SEm. Treated cells, tissues and the corresponding controls were compared using GraphPad Prism (version 6.0; GraphPad Software, La Jolla, CA, USA) by a one-way ANOvA with Dunn's least significant difference tests. Differences between groups were considered significant at P<0.05.
Results
The effects of ursolic acid nanoparticles on cell growth and proliferation. From Fig. 1b , the surface morphology of ursolic acid nanoparticles was studied under SEm. The image displayed spherically shaped ursolic acid nanoparticles with a smooth surface without pinholes or cracks. In addition, DLS data indicated that the mean ursolic acid nanoparticle diameter was 80 nm (Fig. 1C) . Furthermore, in this study, four cervical cancer cell lines and the other two cell types from different origins were selected to calculate whether ursolic acid nanoparticles were specific. As shown in Fig. 1D , we found that ursolic acid nanoparticles reduced cell viability after 48 h in various cancer cell lines, which was shown in a dose-dependent manner, especially over 40 µm. Notably, in cells of 293T and L02, no alterations in cell viability were observed. Next, the cell viability was further explored at the concentration of 160 µm ursolic acid nanoparticles from 0 to 120 h. Ursolic acid nanoparticles obviously decreased the viability of cancer cells in a time-dependent manner. Similarly, no significant difference was detected in normal cells of 293T and L02 (Fig. 1E) . Taken together, the data above indicated that ursolic acid nanoparticles had an inhibitory role in cervical cancer cell proliferation, which was in a dose-and time-dependent manner without cytotoxicity to normal cells, suggesting that ursolic acid nanoparticles might be effective in controlling cervical cancer progression.
Ursolic acid nanoparticles effectively suppressed proliferation, migration and invasion in cervical cancer cells.
In this regard, we attempted to evaluate how ursolic acid nanoparticles influenced cervical cancer cells proliferation, migration and invasion. The colony formation analysis indicated that ursolic acid nanoparticles had an inhibitory role in suppressing colony formation in cervical cancer cells of SiHa, CaSki and HeLa in a dose-dependent manner with significant difference ( Fig. 2A and b) . In addition, the percentage of migrated cervical cancer cells was also reduced apparently after different concentrations of ursolic acid nanoparticle treatment (Fig. 2C and D) . Finally, the invasion of cervical cancer cells was evaluated, and the results showed that the number of invaded cells was reduced significantly by the use of ursolic acid nanoparticles (Fig. 2E  and F) . In conclusion, the data above suggested that ursolic acid nanoparticles could suppress cervical cancer progression by suppressing the proliferation, migration and invasion of cervical cancer cells. 
The effects of ursolic acid nanoparticles on apoptosis in the cervical cancer cell lines via flow cytometry assays.
Apoptosis is well known to be of great importance in suppressing cancer progression through inducing cell death (26, 27) . In order to calculate whether ursolic acid nanoparticles could perform its effects on cervical cancer suppression, flow cytometric analysis was performed to confirm our hypothesis. As shown in Fig. 3A , different concentrations of ursolic acid nanoparticles were administered to cervical cancer cells, SiHa, CaSki and HeLa. Consistently, ursolic acid nanoparticle treatment significantly accelerated apoptosis in cervical cancer cell lines, especially at the highest concentration of 100 µm in comparison to the control groups. Also, cell cycle arrest showed that the number of cells in the Sub-G1 phase was higher after 100 µm ursolic acid nanoparticle treatment compared to the control group in the three cervical cancer cell lines, suggesting that apoptosis was induced for ursolic acid nanoparticles, which was in agreement with the above apoptotic results (Fig. 3b) . In summary, the data above indicated that ursolic acid nanoparticles could, at least partly, suppress cervical cancer progression and development through inducing apoptosis.
Effect of ursolic acid nanoparticles on apoptosis induction through caspase regulation.
As mentioned above, apoptosis has been investigated in connection to cervical cancer cell death. According to previous reports, caspases play an essential role in modulating apoptosis (28) . Therefore, western blot analysis was used to explore whether caspase activity participated in apoptosis in the present study. As shown in Fig. 4A , caspase-3, caspase-9 and caspase-8 were analyzed through ELISA. Compared to the control group, we found that caspase-3, caspase-9 and caspase-8 were highly expressed in SiHa cells after ursolic acid nanoparticle administration, further indicating that apoptosis was induced (Fig. 4A ). In line with the results in SiHa cells, caspase-3, caspase-9 and caspase-8 were overexpressed in CaSki and HeLa cells treated with ursolic acid nanoparticles (Fig. 4A) . To further prove that caspases were activated in cervical cancer cells after ursolic acid nanoparticles treatment, western blot assays were performed to show how caspase-3 and caspase-9 changed. In Fig. 4b , we found that the caspase-8, caspase-3 and caspase-9 were expressed highly, while the pro-caspase-8, pro-caspase-9 and pro-caspase-3 were reduced after ursolic acid nanoparticles treatment in a dose-dependent manner, contributing to apoptosis in cervical cancer cells. The results here indicated that ursolic acid nanoparticle treatment induced apoptosis in cervical cancer cells.
Effect of ursolic acid nanoparticles on apoptosis formationrelated gene and protein expression in SiHa, CaSki and HeLa cancer cell lines.
p53 is known to be closely related to cell proliferation and apoptosis (29) . In this regard, immunofluorescence analysis was used first to calculate p53 alteration in SiHa, CaSki and HeLa cells after 100 µm ursolic acid nanoparticle treatment. As shown in Fig. 5A , higher expression of p53 was observed in cervical cancer cells in comparison to the control ones, suggesting that ursolic acid nanoparticles upregulated p53 levels. The protein analysis by western blot showed that the p53 and other four apoptosis-related proteins were changed in SiHa, CaSki and HeLa cells treated with ursolic acid nanoparticles for 48 h. The tested compound caused an increase in the level of p53, bax and Fas proteins significantly, which was similar to a decrease in Bcl-2 and cIAP-1 protein expression in SiHa, CaSki and HeLa cells (Fig. 5b) . Together, the data above illustrated that ursolic acid nanoparticles suppressed cervical cancer cell development and progression via p53 and apoptosis-related signals modulation.
Ursolic acid nanoparticles suppressed cervical cancer growth and progression in a mouse xenograft model. In order to further confirm the inhibitory role of ursolic acid nanoparticles in cervical cancer progression, a mouse xenograft model was used in in vivo experiments. From Fig. 6A , we found that the tumor volume in SiHa-induced xenograft mice was downregulated significantly compared to the control group after ursolic acid nanoparticles administration. However, no remarkable alteration of the mouse body weight was observed here, suggesting that ursolic acid nanoparticles might be of little toxicity to animals. Consistent with the results above, the volume of tumor in CaSki-and HeLa-induced mice was also reduced significantly in comparison to the control ones. Also, there was no remarkable alteration in the weight of animals (Fig. 6) . The data here suggested that ursolic acid nanoparticles, at least partly, had an effective role in suppressing cervical tumor progression and development in vivo.
Ursolic acid nanoparticles suppressed cervical cancer growth through apoptosis-related genes. The results mentioned above (Fig. 5) in vitro showed that p53 and bcl-2 were associated with cervical tumor growth, which could be regulated by ursolic acid nanoparticle administration. In in vivo studies, immunohistochemical analysis elucidated that ursolic acid nanoparticle treatment significantly upregulated p53 expression in cervical cancer cells compared to the control ones (Fig. 7A) . by contrast, bcl-2, as mentioned above, is an anti-apoptotic factor, which was reduced after administration of ursolic acid nanoparticles, suggesting that ursolic acid nanoparticles could induce cervical cancer cell death through inhibiting the expression of anti-apoptotic factors (Fig. 7b) . Finally, we also determined how the survival rate changed in animal models with cervical cancer after ursolic acid nanoparticles treatment. As shown in Fig. 7C , the survival rate was higher in mice after the treatment of ursolic acid nanoparticles. The data indicated that the survival rate of SiHa-, CaSki-and HeLa-induced animal models with cervical tumor was increased.
Discussion
Cervical cancer is one of the leading causes for gynecologic cancer death among women worldwide and approximately 528,000 new cervical cancer patients are deduced, resulting in 266,000 deaths every year (30) . Over 80% of cervical cancer cases are diagnosed in developing countries (31, 32) . In addition, new cases suffering from cervical cancer are up 150,000 in China each year, accounting for approximately 30% of new cases across the world. Although a large number of cervical cancer patients benefit from neoadjuvant chemotherapy with concurrent chemotherapy and radiotherapy, currently the survival rate still remains poor among cervical cancer patients (33) . Resistance to chemotherapy has been reported as a common reason of treatment failure in patients with cervical cancer (34) .
Ursolic acid, a pentacyclic terpenoid, exhibits a wide and powerful pharmaceutical activities (35) . Ursolic acid is reported as a secondary plant metabolite, often found in the leaves, stem bark or fruit peel (36) . The promoting activities for health of this compound have been used for centuries, which is an ingredient of herb extracts involved in folk medicine. Finding natural biologically active substances, has come back to this source of knowledge acquired over generations (37, 38) . Furthermore, ursolic acid is one of the most promising substances of biological origin when it is used for the prevention and therapy of tumors (36) . New pharmacological strategies not only rely on the termination of cancer cells, but also regulate their metabolism to restrain angiogenesis and metastasis, promote cancer cell differentiation and protect normal and healthy tissue from inflammation and oxidative stress (39, 40) . The anticancer activity of ursolic acid is related to its ability to influence the activity of several enzymes. Thus, it is able to regulate processes inside tumor cells, leading to cell death often by apoptosis and inhibition resulting in proliferation, growth and migration of tumors (41, 42) . The effective and successful application of liposome nanocarriers has been catalyzed through targeted delivery and subsequent preferential intracellular uptake, enhancing permeability and retention effect with enhanced selectivity, efficacy, as well as overall safety (43) (44) (45) .
In this study, we found that ursolic acid nanoparticles showed inhibitory role in cervical cancer progression, while no toxicity was observed to cells 293T and L02, suggesting that ursolic acid nanoparticles indeed inhibit cervical cancer development, which could be a potential therapeutic strategy for patients in future. Furthermore, the colony formation assay indicated that ursolic acid nanoparticles suppressed cervical cancer cell proliferation significantly. In addition, the migration and invasion analysis also suggested that ursolic acid nanoparticles showed inhibitory role in cervical cancer cell lines.
Apoptosis normally occurs during the development to homeostasis in normal cells and tissues or occurs as a defense mechanism to eliminate the defective or unwanted cells selectively damaged by disease (46) (47) (48) . It has been reported as a necessary complementary to inhibit cell proliferation and plays an important role in the development and regulation of immune system, the removal of damaged cells, and furthermore, the apoptosis disruption is involved in tumor development (49) . In the present study, flow cytometric analysis indicated that ursolic acid nanoparticles induced apoptosis, leading to cell death during cervical cancer progression. Additionally, the number of cells in sub-G1 was also higher in cervical cancer cells treated by ursolic acid nanoparticles, which further suggested that ursolic acid nanoparticles induced apoptosis in cervical cancer to suppress cervical cancer development. Caspases were further examined for their activity to regulate signal transduction by positively or reversely regulating kinases, phosphatases and other signal molecules in cells (50) . Considering the well-characterized effect of caspase-3, an important apoptosis regulator in both extrinsic and intrinsic pathways, attention on its pro-apoptotic ability has increased (51) (52) (53) (54) . In this study, we found that caspase-3, caspase-9 and caspase-8 were upregulated in ursolic acid nanoparticletreated cervical cancer cells, suggesting that ursolic acid nanoparticles induced cervical cancer cell death via apoptosis induction through activating caspases.
Cell signal pathways when they are de-regulated, relate to apoptosis and cell cycle, and have a significant role in the development and progression of diseases, including cancer. The members of p53 family are known as significant players responding to the cellular stress in cancer and, thus, these genes may act as therapeutic targets (55) . Cellular stress, such as DNA damage, ribosomal and endoplasmic reticulum stress, stimulates p53 activity while it is strictly maintained at low levels under normal conditions (56) . The cell cycle arrest and apoptosis are two main molecular mechanisms, regulating response of p53 to the DNA damage (57) . Here, we found that p53 was upregulated in cervical cancer cells treated by ursolic acid nanoparticles, helping to promote apoptosis, which was in agreement with previous studies, further indicating that ursolic acid nanoparticle could suppress cervical cancer progression in vitro (55) (56) (57) . In line with a previous study, our immunofluorescence results suggested that p53 was involved in ursolic acid nanoparticle-inhibited cervical cancer.
Two of the most important members associated with apoptosis in bcl-2 family include the pro-apoptotic protein bax and the anti-apoptotic protein bcl-2 (58). Overexpression of bcl-2 proto-oncogene damages the therapeutic action of present cancer treatment regimes through apoptosis induction of tumor cells (59) . The broad expression of bcl-2 in different tumors, together with its function in resisting chemotherapy-induced apoptosis, makes bcl-2 a rational target for anticancer therapy (60, 61) . In addition, inhibitor of apoptosis (IAP) protein families suppress apoptosis within tumor cells (62) . The cellular inhibitor of apoptosis protein 1 (cIAP1) has been investigated in regulation of tumor response (63) . In the present study, the findings from western blot and immunohistochemistry analyses in vitro and in vivo clearly revealed that the expression of bcl-2 and cAIP1 were significantly suppressed, but the expression of bax was highly upregulated, illustrating that ursolic acid nanoparticles showed anti-apoptotic properties during the cervical cancer progression.
In summary, our results indicated that ursolic acid nanoparticles targeted caspases and p53 with downregulation of bcl-2 and cIAP, inducing apoptosis and leading to cervical cancer cell death. Thus, ursolic acid nanoparticles can be used as a class of antitumor drug development and treatment of cervical cancer for its potential value.
